INTRODUCTION
The Phillips Laboratory Chemical Laser Facility, Kirtland AFB, New Mexico, has been engaged in the development of chemical-oxygen iodine lasers (COIL) for over 10 years. In the past, these lasers have required iodine flow rates of 0.3 to 25 mmole/s for lasing times up to 10 s. Recent developments in COIL technology now require the delivery of stable iodine flows for much longer times.
The Chemical Laser Facility has developed a feedback-control system which maintains stable iodine flow rates for long times despite fluctuations in iodine temperature and liquid level.
IODINE PRODUCTION AND MEASUREMENT

GASEOUS IODINE PRODUCTION
The COIL devices operated at the Chemical Laser Facility require iodine flow rates of 0.3 to 25 mmole/s. The iodine required for these lasers is generated by bubbling helium diluent through a container filled with liquid iodine.
Semiconductor grade iodine is heated in a Hastelloy vessel (boiler) to temperatures from 115 to 145*C, producing liquid iodine. Note that the melting point of iodine is 113.5*C and the boiling point is 184*C. A regulated flow of preheated helium is passed through the boiler to entrain the iodine and transport it to the device. The flow rate of iodine delivered is determined by the temperature of the liquid iodine and the amount of helium flowing through the boiler. These two variables (temperature and helium flow rate)
can easily be controlled to set the iodine production from the boiler. Figure 1 shows the original arrangement of the iodine boiler, helium diluent systems, and diagnostic equipment used to measure iodine flow rates. Two valves are opened simultaneously to allow helium to enter the boiler through the sparger and exit at the top. The flow rate of helium through the boiler was controlled by moving the helium through a supersonic orifice at a known pressure. Knowing the cross sectional area of the orifice, the pressure upstream of the orifice, the molecular weight of the gas, and the temperature
of the gas, it was possible to calculate the flow rate of helium via the sonic orifice equation.
In COIL lasers, a constant helium flow through the iodine system is necessary in order to control the penetration of the iodine/helium jets into the main gas flow. This requires an additional helium "bypass" flow. If the helium flow through the boiler is changed, the bypass flow must compensate to keep the total flow constant. A supersonic orifice mounted between the boiler and the junction where the bypass was added prevented the bypass flow from affecting iodine production. This bypass helium does, however, affect the concentration of iodine at the diagnostic cell where flow rate was measured.
REAL-TIME IODINE FLOW RATE MEASUREMENT
Determination of the iodine flow rate required the use of a diagnostic cell mounted downstream from the iodine boiler (Fig. 2) . All of the iodine system flow, including the bypass helium, flowed through the diagnostic cell. The molecular iodine concentration was measured using a Beer's law absorption performed at a wavelength of 488 nm. The fraction of light absorbed is related to the number density of iodine present in the cell by:
where a is the absorption cross section, 1 is the path length in centimeters, and n is the number density per cubic centimeter. Using the ideal gas law and the cell temperature, the iodine number density can be converted to partial pressure (Eq. 2). The iodine partial pressure, total cell pressure, and helium flow rate can then be used to solve for the iodine molar flow rate (Eq. 3). An argon ion laser at 488 nm was used as the light source. In addition to recording the signals shown in Table 1 , the computer controlled the mass flow controllers through two digital-to-analog (D/A) channels.
Thermocouple output voltages were converted to temperatures using a polynomial fitting routine for T-type thermocouples. The signals for these various devices were connected to a DT707-T A/D board which was interfaced to a Data Translation DT2805 card in a 80286-based desktop computer. Data reduction and control were done using the ASYST programming language.
HELIUM MASS FLOW CONTROL
Mass flow controllers were used to replace the pressure transducer and sonic orifice concept of previous devices (Fig. 3 ). This allowed fast, accurate changes in helium flow rates. The calibrated mass flow controllers used were Unit Mfg. model UFC-3020, 100 standard liters per minute (74.4 mmole/s), calibrated for nitrogen. Manufacturer-supplied conversions allow the controllers to be used for helium. The full scale throughput for helium with these controllers was 107 mmole/s. The controllers were rated accurate to +/-l percent of full scale. A Unit URS-100 Power Supply Readout was used to drive the mass flow controllers and supply feedback to the data acquisition computer.
PROGRAMMING
Ter
The method for controlling the iodine flow rate was relatively straight- 
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PL-TN--92-1005 flow rate was 20 percent lower than the actual flow rate, the run helium flow would be decreased 16 percent and the bypass helium would be increased the same amount (not the same percentage).
As the run progressed, the continuous feedback and adjustment compensated up for changes in boiler iodine production. In order to maintain a constant penetration as described previously, the total helium flow was held constant.
With the need for long runs, i.e., >20 s, it becomes necessary to adjust the helium flow rate during the run to maintain a constant iodine flow rate. This comes about for a variety of reasons. Between tests the boiler is closed by valves on either end. During this time the head space above the liquid reaches equilibrium iodine vapor pressure. When a run is initiated, the saturated gas in the head space is the first to be sent into the device. This effect generates a temporary overshoot in iodine flow. As the run progresses, the flow stabilizes at some evaporation rate determined by temperature and helium flow rate. As the run continues into the 40-s range and beyond, there is a significant cooling of the entire boiler thermal mass resulting in a lower evaporation rate. Consequently, it was necessary to gradually increase the helium flow rate to maintain the iodine production rate. In addition, it is very difficult, if not impossible, to reproduce exact conditions within the boiler for any two otherwise identical tests. Because of this, the control system must determine iodine flow rate in real-time to compensate for changing boiler conditions.
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3.3.2.1 Set Initial Points. Three flow rates must be established at the start of a test. These are the desired iodine flow rate, the helium flow through the boiler, and the total helium flow through the iodine system. The program asked for both the run and bypass helium flows and calculated the total iodine flow, which was held constant for the entire run.
3.3.2.2 Background Signal. After setting the initial flow rates, the computer waits for a key press to collect the background iodine absorption signal. Once initiated, the computer records the iodine absorption signal voltage coming from the lock-in amplifier for a 10-s period at a 10-Hz After the key press, the computer continously calculates the iodine flow rate and displays it on the screen.
For each calculation, it takes in the current data from the required diagnostics listed in Table 1 A similar iodine flow case on the radical device using feedback control is shown in Figure 6 . The initial spike due to the saturated plug of iodine vapor described earlier is evident during the first few seconds. This flow of -6 mmole/s could be maintained until the mass flow controller was unable to compensate for the drop in iodine temperature. 
CONCLUSIONS
An iodine flow rate feedback and control system has been designed that effectively stabilized the iodine flow for two different COIL devices at the Chemical Laser Facility. The system was simple, inexpensive to develop and install, and is adaptable to somewhat larger laser devices without major modification. The development of this system was another step in an ongoing effort to automate the operation of COIL devices. \********************** VARIABLE DECLARATION **************************** S****************** INITIALIZE VW RIABLES ************************* A7 "-*************************** ND--GD ***************************************** ************************ STABILITY CHECK ****************************** \ This subroutine takes an average from STABLE.CHECK.LOOP, waits 3 seconds, \ and takes another average. It then compares the two averages to see if \ they are within 3% (variable TOLERANCE) of each other.
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If they are, then \ the computer kicks out of the subroutine.
If they are not within 3% of \ each other, i.e. the iodine flow is not stable, then the subroutine repeats \ another 3 second averaging and comparison and continues to do so until \ the flow is stabilized. S************************ CALC 12 FLOW ********************************** \ In this subroutine, the computer performs a Beer's Law calculation to \ determine the iodine partial pressure and flow rate. It then stores the \ values calculated each time this subroutine is called into arrays for \ iodine partial pressures and flow rates for use in graphs after the run \ is finished. MAX.12.FLOW is a running value of the highest flow rate \ calculated during a given run. It is used in the main RUN routine \ to determine when to kick out of the program. \ ************************************************************************ *********************** MODIFY FLOWS ********************************** \ This subroutine modifies the flow of helium through the iodine boiler \ and through the bypass.
It compares the current measured iodine flow rate \ with the desired flow rate and makes the new run helium flow equal to \ 0.8 times 1 minus the fraction of desired flow over measured flow. Thus the \ iodine flow ratt in forced to proportionally approach the user's desired \ flow rate. With each change in the flow rate, the calculated iodine \ flow and the change in helium flows is printed to the screen. The \ computer also changes the bypass helium flow so that the total \ run and bypass flow is constant at whatever total the user entered \ in WRITE. 
THEN
S************************** GPP and G12 ******************************** \ These two subroutines make plots of the iodine partial pressure and \ flow rate calculations made and stored throughout the run.
\***r********************* k********************************************* 
